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FOREWORD

This report was prepared by the Industrial and
Experiment Station, Department of Mechanical Engi-
neering, University of Florida, Gainesville, Florida,
under Contract No. F08635-71-C~0073 with the Air Force
Armament Laboratory, Eglin Air Force Base, Florida,
during the period from 9 December 1970 tc 9 December
1971, Lieutenant Robert J. Karner (DLWG) monitored
the project for the Armament Laboratory.

The principal investigator for the contractor
was Dr. J. Mahig.

This report consists of two volumes. Volume I
is devoted to the Six-Degree-of-Freedom Simulation
while Volume II is concerned with the Three-Degree-
of-Freedom Simulation. This is Volume II.

This technical report has been reviewed and is
approved.

/z//mém/ f

Acting Chief, Air-to- Sm:faoéided Weapons Divisian
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ABSTRACT

This report describes in detail a three-degree-of-
freedom program which can be used to determine the tra-
jectory and miss distance of a guided missile system,
The options for the program are such as to permit varia-
tion of the aerodynamics, seeker, autopilot, actuator,
and missile motor performance for the purpose of accu- .
rately simulating a given missile design and evaluating
the effects of any changes in system parameters. Suffi-
] cient detail has been included in the text to minimize
the effort needed to update or modify the program pre-
sented,
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i SECTION I

INTRODUCTION

’

The purpose of the report is to describe in detail
the equations used and the form required for the input
data to a three-degree-of-freedom simulation of a laser
guided missile system., The primary purpose of a three-
degree-of-freedom simulation 1s to make possible the
study of the characteristics of a given missile system
quickly and economically. Since cross-coupling effects
influence a missile's performance through the seeker,
autopilot, and missile dynamics, any results obtained
must be considered as preliminary until justified by a
six-degree-of-freedom simulation,

Examples of some of the studies which can be use-
fully made are optimization of the seeker, autopilot
gain, and noise sensitivity. The noise sensitivity
studies include not only electronic noise but spot mo-
tion and signal loss simulation. Once the parameters
for a given missile have been entered, it can be used
efficiently even on a small computer since the program
only requires 17,000 words of core. ,

The program for a specific miqéile is given in
Appendix I. This program 1s made up of four parts:
the main program and the subroutines DER, MODAMS, and
GAUSS. The main program modifies input data to conform
to program logic and maintains sole control for batch
processing requirements. The subroutine DER retains
control only over a given missile flight., The purpose
of this routine is to determine the current value of
the aerodynamic coefficients and angle of attack; pro-
vide limiters (e.g., fin deflection and electronic
saturation); and determine the present value of the
derivative of the state variables. The subroutine DER
then updates the state variables by calling the subrou-
tine MODAMS which integrates the entire system of equa-
tions using an Adams-Moulton predictor=-corrector method
with a Runge-Kutta start. The subroutine GAUSS is used
by DER to generate a set of random variables which are
used to determine the position of a laser spot and the
apparent location of the target with respect to the mis-

-sile, The routine is also used to determine pulse l1oss

through the variable VLAZRP.




All the aerodynamic coefficients are either a func-
tion of Mach number or of the fin deflection, The aero-
: dynamic coefficients used in this program are plotted in
Pt Appendix 11, These plots are used to develop the aero-

: dynamic coefficients as approximate functions of the de-
! pendent variable Mach number and fin deflectioa. The
: procedure makes DER compute much faster than would be
possible through a table look-up procedure and need not
detract from the accuracy.
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SECTION II
STATE VARIABLES

A discussion of state v?riable techniques is given
in many control theory books'!'+?/%), However, a dis-
cussion of these techniques is appropriate at this point
since they are used in the program to determine the mis-
sile's flight path.

The equation of motion governing pitch of the misg-
sile is given below in the familiar form:

Iyy® = M, (1)
where M, is considered i function of time and the state
variables, To convert this to state variable notation,
the second order equation must first be converted into

twg first order equations. (This is also true for an

nt? order system which, in order to be converted into

the itate variable form, must first be converted into

n’ -. order systems.) Equation (1) is converted through
* ‘nwing definitions:

6 = 6,
2

9, = M

Now, since M, is a function of 8 and 6 and t, then the
system may be defined in state variable form as

é'—"az
8, = M,(6,68,,t).

This same process can be used for an nth order system,

A list of the state variables and their derivatives
in DER is given in Table I,
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TABLE I. TIROGRAM VARIABLE AND STATE VARIABLE IDENTIFICATION

State Variable State Variable

Derivative
1, X - Y(1,1) X - YP(1,1)
2. X - ¥{2,1) X - YP(2,1)
3. z - Y(3,1) Z - YP(3,1)
4. Z - Y(4,1) 2 - YP(4,1)
5. Ag = Y(5,1) Ag = YP(5,1)
6. A - Y(6,1) A - YP(6,1)
7. 6 - ¥(7,1) § - ¥P(7,1)
8. 6 - Y(8,1) 6 - YP(8,1)
9. § - ¥(9,1) & - YP(9,1)
10. 8 - Y(10,1) é - YP(l0,1)
11. 6 - Y(11,1) @ - YP(11,1)
12, R - Y(12,1) R - ¥YP(12,1)
13, ¢ - ¥(13,1) $ -~ YP(13,1)
14. oy - Y(14,1) ¢y ~ YP(14,1)

Note: State Variables R,¢,¢M

assumed ideal.

are the results of propor=-
tional guidance implementation. The implementaticn is
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SECTION III
SYSTEM EQUATIONS

3.1 Equations of Motion

The equations of motion for the three-degree-~of-
freedom simulation used in the program are developed
as follows:

The forces in body axes =~

Fy = -(C, + 2C,4[6{)qs + TH

F,

-(CNua + CNGG)qS

M

2 = (-CNG(XCP - XCg

~Cpyq® (PVp/4) SA°

Ja + Cyy(Xog - Xc)6)gsd

Table 11 defines the relationship between the com-
monly used aerodynamic coefficients, used above, with
the variable names used in the forxtran program listing
shown in Appendix I.

The equaticns of motion in the earth fixed coordi=-
nate gystem are:

o

F’Cose + F,Siné
mZ = -F sin6 + F,Cos6é + mg
IYYB = MZ
where the guantities a, VA, and g are defined as follows:
o = Vga/Vyn (ax < 15°)
Va ={Vxa® + Vzp?

q = %pvp?

and the variables Vyxa and Vg, (the velocity along and
perpendicular to the missile centerline) are given as:

Vyp = X Cosé = Z Sind

X Siné + 2 Cosé

Vza
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TAELE II. EQUIVALENCE OF AERODYNAMIC COEFFICIENT NOTATION

Aerodynamic Coefficient

Program Variable

CA

DCA

CNA

CND

CMT

CMD




o

.

Figure 1 and Table III respectively, contain the
coordinate system used in the derivation of the equa-
tions of motion presented above and define those other
terms used as necessary.

Figure 1. Coordinate System

a4 U A Y 1 133 P L

b s
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TABLE III. VARIABLE LISTING

X - Position of missile in X direction

Z = Position of missile in 2 direction

TR

R

As - Line of sight of seeker )

- Line of sight of missile

P

§ = Fin Deflection
6 - Pitch of missile
t_ - Guidance delay
m - Mass of the missile
Iyy - Moment of inertia
g - Dynamic pressure
S = Reference area

d - Diameter of missile

{
‘ p - Density of sir (slugs per cubic feet) |
TH - Thrust force ' !
g = Gravity
VXA - Velocity along missile axis
Vza = Velocity perpendicular to migsile axis

V,p - Total velocity of the missile

a - Angle of attack of the missile

e At s

X~y — Initial location of the center of gravity ‘
(calibers) (Eguivalent to missile diameters) 1

- Location of center of pressure (calibers)

X. - location of fin (calibers)

dasd o s s
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3.2 Seeker Eguations

The position of the target is always assumed to
be at the location of the origin of the coordinate
system, Thus, the line of sight may be given as

A = tan' (2/X).

If the seeker is assumed to be a PLG seeker, then
the variation of the seeker axis in terms of the mis-
sile orientation may be given as

AS = -8 (1 + 145},

The angle between the line of sight and the seeker
axis may be given as

€ = A=A

3.3 Autopilot Eguations

The block diagram for the autopilot used in the
program is given below in Figure 2.

Time Saomple and
delay hold
t
']
AR Ke 1+ agTes | & ‘I - d
2
I 4-‘Tb S I+ 'GT‘S'+ ey
Kg- 9.0 sec £€-.5
Tg- -08sec w - 20 rad/sec
Qg ~ 10.0sec
tg ™ .25 sec

Figure 2. Jlwtopilot Block Diagram

e o e ia st -——1

warm . ——
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3,4 Nominal Thrust Profile

The initial thrust is
7500 1by 0 < t < 0.8 seconds
which then linearly decreases to zero at 1.3 seconds.,

3.5 Current Input Configuration

The input data for the missile configuration used
is:

d = 0,416

S = 0,136
Xeg = 10.6 (initial)* ([8.75 at burnout]
Xe = 8.4

M

4,21 (initial)* [3,48 at burnout]
Iyy = 29.56 (initial) [25.04 at burnout]
TS = 5.0.

3.6 Guidance Laws

Any guidance law may be simulated by the program;
however, for convenience, some guidance implementations
are prepackaged into the program, Thus, at the beginning
of the subroutine DER is a list of commented cards con-
taining the following statements:

(a)
(b)
(c)

These statements

Pursuit Guidance
PLG Guidance
Sidewinder Guidance (PNG).

head the required changes in the pro-

gram needed to implement that form of guidance. Thus, for
example, implementation of PLG guidance only requires the
replacement of the current calculation of YP(5,1) by the
one following the card with the statement PLG GUIDANCE.

;————v——-—r—- . 13 :

Variation in X., and M during motor burn is assumed pro-
portional to the’ratio of the impulse imparted to the total
impulse available from the motor.

10
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SECTION IV

- PROGRAM DESCRIPTION

4.1 Program Aids

In order to effectively coordiante the variables
used in the program with the system equations developed
above, Table I is to be used for the identification of
the state variables and Table IV will provide defini-
tions for the other variables used by the program. In
addition, Figure 3 defines the form in which the input
must be prepared and the output format of the program.

A complete listing of the program and its output
is given in Appendix I. Appendix II contains the aero-
dynamic curves for an actual missile. These aerodynamic
coefficients are all given as a function of Mach number.
Since accurate functional representation of some of these
curves are very complex, simple mathematical expressions
were chosen which are true only over defined Mach number
regimes. The adequacy of the representation may be as-
sesged by the reader by comparing the results obtained
! from the equations listed in the program with the aero-
’ dynamic curves they are intended to represent. These
} curves are shown in Figure II-1l through Figure II-8.

11
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Input Format

Pt FORMAT (1P6E12.4)

FPT,H,TEN,AR,DVI,VI,DTH,ALP,RANGE,LOS,GBIAS,
VLAZRP,XLASR,DSPEED, TZ

Y(l'l), Y(zll)l Y(3ll)l Y(qpl). . [ . » . Y(G,l)
Y(7’l). . e o o v e o & 8 + e o e @ LI } .Y(lz'l)

Y(13,1), v{(14,1)

Output Format

FORMAT (1P9E12.4)
Y(1,1), YP(1,1), ¥(2,1), YP(2,1). « . . . (5,1

] YP(5,1), Y(6,1) « v o o o o o o » o « « 2¥P(9,1)

; Y(10,1), YP(10,1) . . . . . . .¥YP(13,1), Y(14,1)
YP(14,1)

X,TACC

Figure 3. Input - Output Format.

12
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TABLE IV. PROGRAM NOMENCLATURE

H ' Time increment, DT
TEN Angular orientation of thrust vector

]
AR _ Offset of rocket motor from center :

line of missile

DVI Change in missile velocity in ]
feet/second (initial condition)
VI : Initial velocity of missile
DTH . Increment in the line of sight
(for rext run)
ALP 5 Angle of attack (in degrees) ]
RANGﬁ Range of target along line of sight %
; (feet) i
LOS Line of sight, angle in degrees

(always positive)

GBIA% Gravity bias term i
FPT ; Number of time increments not to be |

; exceeded
X i Current time, initial time ;

| :
TIM | Time of next laser pulse g
THF E Thrust factor (not implemented) ;
MAC ; Mach No. i
ES ; Surface area i
XCP | Location of c.g. in missile diameters {
D Missile diameter
TACCE Total acceleration magnitude g
AL | Angle of attack a 2

13
; {
\
i . ’
i .
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TABLE IV. (CONCLUDED)
IXX Moment of inertia in X direction
IYy Moment of inertia in Y direction
122 Moment of inertia in 2 direction
CA Drag coefficient
DCa Induced drag
i
CND Control vane normal force ;
i
CNA Body normal force
CMD Tail misalignment coefficient
XCPp CP location - diameters from nose
CMT Pitch damping coefficient '
IC Total number of increments of initial !
condition DTH
IK Printout occurs every IK*P jncrement
of H
N Number of state variables
XLASR Standard deviation of laser spot in
X direction
i
VLAZRP Percent of time laser pulse acgquired
by seeker/100 (used in pulse loss
logic)
TZ Length of time for which seeker is
caged (pursuit guidance)
TACC Total accleration of missile
DSPEED Counter (if greater than one, aircraft
speed is incremented by DV1 for next
launch
DTH Increment by which initial orientation

is changed for next launch

14




Lo

e e —— e e

APPENr X I

PROGRAM LISTING
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EP=Q,

COMPON/VAR/TEN, ARy TIM  THF TTK, TACC,GBIAS
¢ YFLyVLAZRPXLASR
®,EP,FSLER,TZ

CIMENSTICAY(L4,6)4YP(14,8),V(14)

EXTERNALCER

REALLOS

1 CCNTINUE

X=Q.

ARRAL N

IC=10

1720

IK=2g

N=14

REAC(S s 001 FPT oy TEN, AR9DVLsV1,0THRALPRANGE,ZLOS,GBLAS
¢, VLAZRP ¢ XLASR
*,CSPEEC,TZ

WRITE(6+900)FPT o, TENy AR,OV1,V1,0TH,ALP,RANGE,LOS,GBIAS

¢, VLAZRP 4 XLASR
®,CSPEEL,T2

900 FCRMAT(1PLEL2.4)

MPT=FPT
CTkzCTR/57.6
CC4l=l,14

4 Yil,11=0s
Y{12,11=3000s
EBCsI1C/2eCTH

2 CCNTINUE
vi=viefvl
PV=LCS/57.6
Y{1y1)=-RANCE®CCS(PY)
Y{3,1)=-RANGE*SIN(PV)
Yi6,L)=PY
Y{5,1)=Y(6,1)
Y(10,1)=-Y(6,1)¢8BC
BBC=0.
PT==f{1041)¢ALP/57,.6
Y(2,1)=v1elCS(PTY
Y{4,1)=V1eSIN(PTY)
FSs0.

ER=0.

EP=0.
WRITE(H,920)4Y{Kel)yRa],N)
CCE1=1.14

S VIiD=v(1}])

6 CCATINUE
CALLMCCAMSIXIH)PPT Ny Y, YPyCERyIK)
X=0.

Tirs0.
IFICSPEEC.GTA1.)60TU2
IT=1Te}

CCl0l=1.14

16 Y(Ll)=vil)
Y{10,1,aY{1041)-CTHe]IT
Y(S,1L)=-Y{1041)
Y{5,L)==¥(1041)
IFITL.GT.0.1607012
Y{S,L)=Y(6,1)}

12 CCATINUE
v2s=vi
Y(2,1)3v2eCCSIY 10,11)
Y{4,1)==V2cIHIYIICs1})
EP2Y,

16
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920
20

[a¥akalskakakalaXaNaNalaNalel

42

30

FSs).
ER'O.
Ti#s0,
WRITE(6,900 ) FPT ok, TEN, AR, OV ,V1,0THy ALP,RANGE,LOS,GBIAS
¢ VLAZIRP ,XLASR
WRETE(6,920 LY (X, 1) eK=],N)
[FIIC-1TI15,15.6
CCATINUE
FCRMAT(1PHEL2.4)
STCF
EAC
SUBRCUTINEDERIXyNe Y YP,HotZ LY)
CIMENSICNY(14,6),YP(14,6)
CCPMFON/VAR/TEN) AR, TIMyTHF, TTK, TACC,GBIAS
o, YFL,VLAIRP 4 XLASR
0, EPFSLERLTZ
REBLMAS,IXX 1YY, 122 ,MAC
PLC GUICANCE
YF(S,1)2=-(EP+FS)/ A4
PURSUIT GUICANCE
YP(5,1)%~EP
SICE wWINCER GUICANCE
AB=20,96.28318
1+YP{10,1))}eA8ne2
C2=10./P1
C32.0017P1
Cazala/Pl
PI=x57.,295776
YP(Sel)R-EPCC28{ER-FS)+CIeFS
YP(921120.
YF{Bel)ae2.,807¢28eY(8,1)~A8002eY{7,1)¢C40(YP(5,1)
RANGEaSCRTIY(1,2)e024Y(3,1)002)
TC=.25
TF’103
TZ-U.
TR=,8
RF=.072/32.2
V1iT(Y(2.1)002+4Y{4,1)002)0e, 5
Ca.5sRFey] ey}

AL=AY{2,1)eSIN(Y(20,1))4Y (4, 1)eCOSIY(10:12D)/7(Y(2,1)8COS(Y(104))

1)~Y{(4a,L1eSINLY(1Q,10))
IF(BLLEC.O,1GOTC42
BL=ABS (AL)
At=FL/ELeATANIBL)
CCATINUE

Cs.4l16

XC=8a4eC

ES=.136
TICTu75004¢.8+¢3750.2(TF=TR)
Y(T,0)2Y (7,1 )¢GBIAS#L.5/57.6
P1212./57.6
PlL=24,/57.6
PP=ABSIY(T,1))
{F(FP=P1)4, 443
YU741)=Y(Ty3)/PPepP]
CCNTINUE
IF(X.GT«TR)GCTO30
TH=7500,

TTCs7500. X
TYCsTTC/YTOY

GCTC3)
1FiX=TF131,31,32

17
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32

31

33

10
1t
12

13

16

17

18

19

20
21

23
26

26
28

TH=0,

TYCsl.

GCTCY)

Thal500olTF=X)/LTF=TR)
FYC(TTCT=~Tre(TF-X)o.5}/TTOTV
TVC=1.-TTC
XCG={8,75¢{10,6~-8.751+770) o0

MASE(} 480(4,21~3.48)1T7G)
IXX3{,0586+1.0914=.0686)eTTU)
1YY225.044(29.,56-25,04)¢T70

122=1YY

MaCsvls1i150,

IF(MACL,GEL2.)MACN2,
IF(FAC.CT,..75)GCTO10

CA=.4

GCTCL2

1FIMAC.GT,1,2)GUTO
CAa(MAC-25610,8/.24

GCIC12 .
CA=1.44~PA2C0,22/2.8
1F(TH,EL,0.,)GOTGL3

CA=,93eCA

CCATINVE

1F{MAC.GT..92)60TQ16
DCAs(.25eMACe®3+,63)0(ABS{V(T,1)02,60))ae82,2
GCTC17

CCA3(=(NMAC=2,8)0e30 ,0375+4(MAC~2.8)9,124.4)2(ABSIY(T,41))02,88)00
12.1

CCATINUE

CAL23,9-CCS MAC®3,14159/2.8)s,1
FF(VMAC.GTY..75)GCTQ10

Ch2al5.8

GCTC2)

[F(FAC.GT.1.)GOTOLS
CNA315,8¢9,2/.36+(¥AC~-,75)

GCTC21

IFIvAC.6GT.1.5)GCT020

CNAaZl,.3

GCT1C2l -
CNA={VAC~2.B)o02e0,71420.1
1F{val.GT.1.)G0OT023
CHC=(MAC)ee2)50]10,3¢4.3

GCTL24
CPCEEXP(~MAC#+L.)0l4.6¢{MRC-],.)04,/1.8
XCPs{-({MAC-,018920,632414.02¢{MAC—.0)0040,]02)0.4]18
1F(MAC.CT.L.4)GCTO206
CMTaPACae2s850,43700.,

GCTC28
CHT=EXP(=MAC®L.4)9S56C0.+{MAC-1.4)72150,
CCATINVE
Flae-{C842.7(CA®ABS(Y(T,1)))eQeESeTH
F3a=({CNAOALACNECeY(T,1))eQeES€THeSINITEN)
Al=10,

A2=2.08

A3s10.

AG=h,

A522./57.6

A6eTC

AT=,5

AB8=80.

28220,

A9=},

18
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81

80
85

&0

i 50
60

70

Bls~{le€2.vAToAB0A2)/A2
B2=-(ABee2e¢52¢2,0AT0AB) /A2
8)s-ABee2/A2
Bex~-ABes2epAd=A9

B5=04&/ 82

BosBaes]

YP{ls1)3Y(2,1)
YP(3el)aY{4,1)
YPLT.113Y(8,1]
YPLB,113Y19,1)
YE(10,1inY{11,1)

22x22~,1

2123V [Me.1-X
IFi22.GT.0.)G0T07

Tir=X
2k3=((1.4200./RANGE)eb,)
IFIZK3,GT.15.)GGT0O7
€EP=¥(10.1!

SIT30.

AAARD,

CALL GAUSSUSIT,AAB,AAV,X)
IF(YFLLCT.VLALRPIGCTO?
$SSTxC.

SSxaXLASReS IN(Y(6y1))/RANGE
CALL GAUSSISEX,55T ¢S5XVeX])
FS==-SSXV/RANGE+Y(S5, 1)
ERaY(6,1)

CONTINUE

IF(TZ-¥180,81,81

FS==-EP

YP(5,1)20,

GCrCAaS :
YP{5,1)3-{CP+FS) /A4
CCATINUE

YP(63 10217 0Y{ 2yl an2eY(3,1002)8(Y({1,1)0Y(4,1)=Y(3,1)
lev(2,11))

YP({9,1)=BLleY (9,1} ¢B2aY(8,11+B83eY(7,1)¢+B5¢(ER-FS)+B6el YP(5,1))
YP(11,1)e=CMTaY (L1, 1e(RHOVL/4.)8ESeN0e2/ YYHQeESsD/IYYR(~CNAR{XCP

1-XCC) @ ALOCNCo{XCC=XCIoY (T, 1) )=THeAR/IYY
IFIABS{YPI9,41)),GT. 1CCOIYPI9,1)=SIGN( 10CC.,YP(9,1)]}
YP{241)5(FLeCOSIYI10,1))¢F3eSINIYI10,1)))/MAS
YP(4, 1) (=FLOSINIY (10, 1)) +F3aCOS{Y(L20,1)))/MASH32,2
AA=13.

YP{12410-v1eCOSIY{13,1)-Y(14y1])])
YPU13¢1)13VIeSINIYEI13,1)-Y{14,1))/Y(12,1)
YP(l4,1)38AeYP(13,1)

IF(X=7C140,50,50

YP(%,11a0,

YP(8y1}a0.

YP(7,1)=0,

YF{l4,1)=20.

YP(13,1)40.

YP(12,1)%0.

GCTCT0

[FIX=TC=-F)60,60,70
Y{13s1)83.1415962572.~Y{6,41)
Yll6,1)83,14169625/72.4Y¢(10,1)-AL
Y(12e1)2iY(1,1)es2eY(3,1)0a2)mea,5
YP(124112-V18CO5(Y(13,1)=Y{1441))

YPCL3gl a2V, oS NIY{23,1)=Y(14,1)1/Y(12s1)
YPUl4,y112AA=YP(13,1)

CCAT INUE
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TACCoSQRIIYPI2,1)002eaYPl4y])en2)
RETLARN
ENC
SUPRCUTINEMCCAMS (X o+, MPToN,L,F,DER, 1K)}
CIMENSICAULL4,6),F(14,6)
CCMMCN/VAR/ TENCARSTIM, THF, TTK, TACC.GBLAS
¢ YFLoVLAIRP 4 XLASR
¢, EFLFS,ER,T?
CAT2 PRECL, PRS(C2, PRECY, PREODS
. /755.04 -59.0, 37.0, -9.0/
. «CCRR1, CORR2, CORRI, CORR4
. /9.0, 1930, -5.0, 1.0/
r24 = H / 24,0
Pl a PRELC] = H24
P2 x PREC2 o K24
P3 s PRECY = H24
P4 = PRECG ¢ Fr24
Cl s CORRL * H24
C2 = (CRR2 & H24
C3 = CCRRI = H24
C4 a CORR4Y & H24
CATA ALPHA2, ALPKHA)
. Jaby 445573725/
. »BETA21, BETAJ], BETA32, BETA&L, BETASL2, BETA4D
. /eG4y 2425697761y J15ET75564y .2121004,-3.05096516, 3.8328584767
. o OMEGAL s OMEGAZ, OMEGA3, OMEGA4
. /c17476028,-.55148066, 1.2055356, 17118478/
CALLCERIX,N,ULL, L) 4F(1,1) 3k, 1)
IF (¥PT JLE. 1 ) RETURN
A2 3 ALPHA2 ¢
A3 5 ALPFA3 & H
B21 = BETA2]1 o ¥
B3l = BETA3] o ¢ -
B32 = BETA32 » h :
B4l = BETA4L o ¢
842 = BETA42 o ¢
843 = BETAG3 o
Cl s OMEGAL & F
C2 = CFEGA2 * H
C3 = CVMEGA3 ® H
C4 = (QMEGAL o +
Lt = MINO (3,MPT=1)
CC 10 X » 1,LL
CC VvV I a 1)K
ClI45) 3 ULL,K) ¢ B21 » F{I,X)
1 CONTINUE
A = X & A2
CALLCERIANMUILS)eFl145),+,5,5)
CC 2 1 a 14N
Ul1,5) = UILLI,K) ¢ 831 o F(IK) « B32 oF(I,5)
Z CCATIAUE
A = X + A}
CALLCER(AGN ULL¢S)sFllyl)yFe548)
CC 3 1 = 1N
UGL,5) = ULLyK) € B4l o FUJK) ¢ 842 o F(],5) ¢ B4d o F(i,6)
3 COATINUE
X a2 X + ¥
CALLOERIXGNoULL¢S)oUlL,8)0t,5,6)
CC & 1 a 1,N i
UlTeKel) = UtI,K) ¢« Ol & F(1,K) ¢ 02 & FL1,5)
. + G3 o FU146) ¢ 04 » Ull,6)
4 CONTINUE
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¥OMQ0Q270
¥OM00280
POM00290

¥OM00320

¥OnGO370
¥DMOO380
*DM00390
¥OMO0410
¥DNON 420
H0M0C4 30
POMQ0440

MOMQ 0440
®0M00470
#OMO0480
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LC=Kx+l
- CALLCERIXNQUL L XK¢1 ) pFlLleK41)skolD,LD)
10 CONTINUE
1F (FFT LY. 5] RETURN
K=S
- KT=0
JK=[K
CC40LKaSy NPT
CC 20 J & 1,N
UlJeK) 8 Ut JyK=1) ¢ Pl ® F{JyK=1) ¢ P2 o F{J)K=2]}
. + PY) & F(J,K=3) ¢ P& o FlJ,K-4&)
20 CCATINUE
X = X ¢ K
CALLCERCXGN,UL LyX] 4 FLL oK)yt oK, K)
0OC 30 J 8 l,N
UlJeK) = U{JsK-1) ¢ Cl » F(J, K} ¢ C2 » F{I,K-1]}
. + C3 & FJK=2) + C4 & FlJX=3)
30 CCNTINUE
CALLDER(X yNoUlLleK) e FlY oK)y KyX)
1F{X-6132,33;33
32 K=6
GCTC37
33 0C3alT=1,45
DC34JT2L4N
ULJTITIsulIT, 1T}
36 FUJTIT)CFLUT, ITE1)
37 [F{JK=6)36,36,39
42 JK3JKe[K
36 WRITE(G64111{ULJI,3KIpFIJIeIK)IeII=],N)
WRITE(6,11)X,TACC
IF LK IK=6)42,42,43
43 JK=JK¢ K
39 JKaJK-1
1F(L13,5))40,40,12
«0 CCATINUE
12 CCNTINUE
JK=JX=1Ke¢l :
WRETE(O 111 {HULJIS0IKDeFIII UKD 1edI=1yN)
WRITE(S5,11)X,3TALC
11 FCRFAT(IX,1P9EL2.4)
. RETYURN
ENC
SUBRCUTINEGAUSS (S)AM,V,T)
CCMNIN/VAR/TEN, AR, YIM, TFF, TTK,TACC,GBIAS
s, YFL,VLAZRP,XLASR
0 EFFSER,TZ
CATS2 (K = 3777771177118)
CATS {E=77777777T712770CCCCCCOB)
S-THE RECUIRED STANCARLC CEVIATION
AM-1S THE RECUIREQD MEAN
V-VALUECF CCMPUTEC NORMALLY DISTRIBUTED RANDOM NUMBER
IF{T.CT.0,1CCTO4
4 P4 IFLIX)7,6,8
7 [x=-1X
8 IF(IX.GT.999 16CT03
! ‘ Ix=1xe241
(I A=Q.
' GCTCé
3 IX=1X/10
GCTC2
L CC50i=1,12
1FU3.GT2)IX8LY

[aNaNal
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Jalxe262147
IX*Ja2NCaK
12=21X.ANDWJ
BrFLCATIIZ)/3.4359739E1Q
YFL334MN0LE
Ixaly

S0 AsARYFL
V(26,185 +AN
RETURN
ENC

1

1.C000E+%03 2.0C00E-02 0.0000€+00 0.CC00E+00
2.5000€+00 0.0CO0E+CO B8,2500f+03
2.5J00€+00 0.0CCOE+0G 0.QCCOE+Q0

7
7
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9, 75C0E+00

0.0000€+00
2.5C00E-01

5.0000Q€+02
8.0000€~01
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